Identification of two heme-binding sites in the cytoplasmic heme-trafficking protein PhuS from Pseudomonas aeruginosa and their relevance to function.
PhuS is a cytoplasmic, 39 kDa heme-binding protein from Pseudomonas aeruginosa. It has previously been shown to transfer heme to its cognate heme oxygenase. It is expressed from the phu operon, which encodes a group of proteins known to actively internalize and transport heme from host organisms. This study combines the spectral resolution of resonance Raman spectroscopy with site-directed mutagenesis to identify and characterize the heme-bound states of holo-PhuS. This combined approach has identified a site in monomeric PhuS having alternate His ligands at positions 209 and 212. A second distinct binding site is present in dimeric PhuS. This site supports six-coordinate, low-spin heme, even when both His209 and His212 are mutated to Ala. The presence of conserved His and Tyr residues in all of the homologs characterized to date suggest that the dimer could be of the domain-swapped type in which two protein molecules are cross-linked by bound heme. The multiple heme-bound states and their sensitivity to pH suggest the possibility that these cytoplasmic heme-binding proteins have multiple functions that are toggled by variations in intracellular conditions.